AD=AD34 796

UNCLASSIFIED

DEC 76 E M WALL: 6 R JANScH

AEROJET LIQUID ROCKET CO SACRAMENTO CALIF

AFRPL=TR=76~93%

F/6 13/2
STORABILITY INVESTIGATIONS (F WATER: LONG=TERM STORAGE EVALUATI==ETC(U)

FOR611-72-C=0062




p ——
I

o

_|—I 122
_— |
L2 [t e




ADAO34796

<

AFRPL-TR-76-95

STORABILITY INVESTIGATIONS OF WATER
LONG-TERM STORAGE EVALUATION
THIRD ANNUAL REPORT

AEROJET LIQUID ROCKET COMPANY

SACRAMENTO, CALIFORNIA

E. M. VANDER WALL

G. R. JANSER
DECEMBER 1976

APPROVED FOR PUBLIC RELEASE:

DISTRIBUTION UNLIMITED

AIR FORCE ROCKET PROPULSION LABORATORY
DIRECTOR OF SCIENCE AND TECHNOLOGY

AIR FORCE SYSTEMS COMMAND

EDWARDS AFB, CALIFORNIA 93523

b b c
D{pf’\f‘:!‘* "':JH

. JAN 25 anJ
Llusu U s
B




NOTICES

When U.S. Government drawings, specifications, or other data
are used for any purpose other than a definitely related
Government procurement operation, the Government thereby
incurs no responsibility nor any obligation whatsoever, and
the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or
other data, is not to be regarded by implication or otherwise,
or in any manner licensing the holder or any other person or
corporation, or conveying any rights or permission to manu-
facture, use, or sell any patented invention that may in any
way be related thereto.

FOREWORD

This report covers the work performed under Contract F04611-72-C-0062,
“Storability Investigations of Water,'" performed by the Aerojet Liquid Rocket
Company at Sacramento, California, and conducted under Air Force Project
Task 305911 VD. The performance period covered from 1 October 1975 to
30 September 1976.

The program manager is Dr. S. D. Rosenberg; the project manager is
Dr. E. M. Vander Wall. The experimental work was conducted by Dr. Vander Wall;
R. L. Beegle, Jr., senior chemist; J. A. Cabeal, senior laboratory technician;
and G. R. Janser, metallurgy specialist.

The program was administered under the direction of the Air Force
Rocket Propulsion Laboratory, Mr. Oree Dyes, Project Engineer.

This report has been reviewed by the Information Office/DOZ and is
releasable to the National Technical Information Service (NTSI). At NTIS
it will be available to the general public including foreign nations.

This report is unclassified, and suitable for general public release.
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Oree Dyes,'” JQZ Clark W. Hawk,
Project Engine Chief, Propulsion Applications Branch

For the Commander
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Edward E. Stein, Deputy Chief
Liquid Rocket Division
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> Inconel 718 (aged), 6A1-4v titanium (STA). Two types of water are used in
the program; oxygen-saturated, deionized, filtered, and oxygen-free,
deionized, filtered. Five-year storage tests have been initiated in 304 and
17-4 PH stainless steels, A-286 steel, Inconel 718, and 6A1-4V titanium (STA)
containers using the filtered, deionized waters.

Evaluation of water and containers stored for thirty months and thirty-
six months has been completed. The data show that both o gen-saturated and
oxygen-free water can be stored in appropriate metal containers for the
selected time periods without detrimental particulate matter formation or
significant changes in the quality of the water. It is in excellent condition

for transpiration coolant purposes.
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SECTION I

INTRODUCTION

Inherent in the concept of transpiration-cooling is the requirement
that the coolant remain free of particulate matter which may clog the pas-
sages of the cooling surface. The object of the "Storability Investigations
of Water" program is to gather data that will permit the Air Force to assess
the long term storage characteristics of water particularly with regard to
formation of particulate matter. This report is the third annual progress
report to document the experimental results from the thirty month and thirty-
six month storage tests of water in selected metal containers for the five
year program being conducted under Contract F04611-72-C-0062.

The five metallic materials used for container material in the program
are:

304 stainless steel

A-286 (aged) steel

17-4 PH (aged) stainless steel
Inconel 718 (aged)

6A1-4V Titanium (STA)

Two types of water are considered in the program:

oxygen-saturated, deionized, filtered water and
oxygen~free, deionized, filtered water

Three categories of tests are used for obtaining the data necessary *
for assessment of the storability of water. They are:

Water Characterization
Biological Characterization
Container Examination

The investigations which led to the selection of the candidate metallic
materials for tankages for use in the five-year storage of waters are reported
in AFRPL-TR-73-94 "STORABILITY INVESTIGATIONS OF WATER," VOLUME I: EXPERI-
MENTAL STUDIES, FINAL REPORT, Aerojet Liquid Rocket Company, Sacramento,
California, December 1973. The results from the first year of storage are
reported in AFRPL-TR-74-76 '"STORABILITY INVESTIGATIONS OF WATER, LONG TERM
STORAGE EVALUATION," FIRST ANNUAL REPORT, Aerojet Liquid Rocket Company,
Sacramento, California, December 1974. The results from the second year of
storage are reported in AFRPL-TR-75-62 '"STORABILITY INVESTIGATIONS OF WATER,
LONG TERM STORAGE EVALUATION,'" SECOND ANNUAL REPORT, Aerojet Liquid Rocket
Company, Sacramento, California, December 1975.

This annual report is presented in three sections: (1) Introduction,
(2) Experimental Results and Discussions, and (3) Conclusions and Recommenda-
tions. 1In addition, there are two appendices provided for the convenience
of the reader:




Introduction (cont.)

Appendix A, Fabrication and Treatment Procedures for Water Containers which
documents the history of the tanks; and Appendix B, Silting Index Measure-
ment which describes a clogging tendency test.




SECTION I1

EXPERIMENTAL RESULTS AND DISCUSSIONS

BACKGROUND INFORMATION

The purpose of the long-term storage tests is to demonstrate that
water can be stored without formation of significant quantities of particu-
late matter and with insignificant corrosion of appropriate metal containers
for time periods of at least five years in a controlled environment. The
background information is presented for the convenience of the reader and
documents the initial conditions of the selected containers and waters prior
to the storage periods. The discussion is presented under the following
headings: (1) Materials Selection, (2) Container Sterilization and Filling
and (3) Storage Conditions.

A. MATERIALS SELECTION
1. Waters

Based on the data derived from the preceding experimental
work (Reference 1) it was apparent that both oxygen-saturated and oxygen-free
water were acceptable candidates for long-term storage tests. Further, the
filtration of the water through a 0.22 micron pore size absolute filter was
demonstrated to remove microorganisms effectively. Thus, the water used to
fill the containers was passed through an activated charcoal bed to remove
organic compounds and through two mixed-bed ion exchangers to obtain water
that had an electrical resistance value of 1 megohm/cm or greater. The water
was transferred through 0.22 micron filters into a 5 gallon stainless steel,
supply tank. To ensure the saturation of the water with oxygen, filtered
oxygen was purged through the water in the supply tank for a minimum of
15 minutes. To obtain oxygen-free water, the water in the supply tank was
heated to the boiling point of water for one hour while being purged with
filtered, nitrogen obtained from the boil-off of liquid nitrogen. The tank
was then pressurized with the filtered nitrogen, allowed to cool to ambient
temperatures, and then repressurized with the filtered nitrogen. The outlet
of the supply tank was fitted with a Twin 90 Filter* unit to assure the
sterile characteristics of the water used to fill the storage containers.

2. Metals
The selection of the materials of construction for the long

term storage test containers was based on the results of the laboratory
investigations (Reference 1). The aluminum alloys were eliminated from

Ref. 1 E. M. Vander Wall, R. E. Anderson, G. R. Janser, Storability
Investigations of Water, Volume I, Experimental Studies,
AFRPL-TR~73-94, Contract F04611-72~C-0062 (December 1973).

* A 0.22 micron pore size, absolute filter pack available from Millipore
Corporation, Bedford, MA.




A. Materials Selection (cont.)

consideration due to their introduction of insoluble corrosion products which
are a source of particulate matter in the water. Because test results on the
remainder of the seven candidate materials were not discriminatory, choice
was made on the basis of selecting not more than one alloy from each class of
material. The one class of material with more than one representative was the
18% chromium - 8% nickel austenitic stainless steels, i.e., 304L, 347 and
Arde-form 301. Hence two of these materials were eliminated to provide the
five materials required for container fabrication. The 304L stainless steel
was selected due to its attractiveness as an expulsion bladder material.
Hence, the selected materials are: 304L stainless steel, A-286, 17-4PH
stainless steel, Inconel 718 and 6A1-4V titanium. During fabrication, some
304 stainless steel parts were incorporated into the 304L stainless steel
containers and consequently the containers are identified as 304 stainless
steel containers. The fabrication procedures, the heat treatment cycles, the
cleaning procedures and the passivation procedures to which the containers
were subjected are presented in Appendix A of this report.

B. CONTAINER STERILIZATION AND FILLING

Following the final rinsing with filtered, deionized water, and
subsequent drying of the containers in a vacuum chamber, the containers were
wrapped with reusable sterilization paper. The wrapped containers were then
sterilized in an autoclave at 250°F with 15 psig steam for 30 minutes fol-
lowed by a 30-minute drying period. The containers were then stored in the
paper to maintain their sterile condition.

All the steps requircd to fill the containers with water were
conducted in a sterile, laminar-flow bench. The tanks were removed from the
wrapping paper in the laminar flow bench. The tanks were weighed empty; then
weighed when filled completely r:’th sterile water to cetermine the total
volume of the tank. The water «.s drained out and the tank was rinsed once
more with the sterile water. A sample of the rinse water was checked for pH,
conductivity, and Silting Index (see Appendix B). If the values indicated
that particulate matter and dissolved species were not present, the tank was
considered ready for filling; if the values indicated that contaminants were
present, the tank was rinsed until there was no evidence of contamination.

A Silting Index value of 1 or less for the rinse water when using the filter
with a cross-sectional area of 1.0 mm?2 was used as the criterion that no
significant quantity of loose particulate matter remained in the containers.

Before the final filling with oxygen-saturated deionized water,
the tank was purged with oxygen from a filtered supply. The tsnk was then
filled with the water and a sample was withdrawn for pH, conductivity, and
Silting Index measurements. The ullage was adjusted to the ten percent value
by weighing the container and its contents; the ullage space was putged with
the filtered oxygen; and the container was capped with a sterile, tapered
plug made from the same material as the container. The plug was seated in




B. Container Sterilization and Filling (cont.)

the fill-tube by use of a hammer. The containers were filled with the oxygen-
free, deionized water in an analogous manner except that filtered nitrogen
was used instead of oxygen for purging and blanketing the container.

The final sealing of the containers was accomplished by GTA weld-
ing the fill-tube/plug interface. The welds were inspected visually for any
apparent anomalies. None were found. Then the containers were labeled for
the long-term storage test and placed in plastic bags.

The sampling plan for the long-term storage tests is to remove
one container of each material with the two types of water for inspection
and evaluation every six months for a period of five years. The contents
will be characterized with respect to pH, conductivity, particulate content,
and biological activity; and the containers themselves will be subjected to
metallurgical examination if the other test data indicate that this is
required.

C. STORAGE CONDITIONS

The storage area for the water containers is an air-conditioned
room which is monitored continuously to document that the temperature is main-
tained at 70 + 10°F and that the relative humidity is maintained at 50 + 25
percent. The containers are stored in a closed metal cabinet to protect them
from an accumulation of dust and the containers themselves are covered with
plastic bags to prevent direct contact with foreign metal surfaces. The
containers are visually examined on a weekly basis.

WATER CHARACTERIZATION

After six month intervals of storage at the conditions defined above
ten containers are removed for evaluation. They consist of two containers
of each selected material, one containing oxygen-free water and the other
containing oxygen-saturated water.

A. PROCEDURES

After the initial six month storage period, the water containers
were washed with deionized water and then placed in a sterile, laminar-flow
bench for further handling to remove the stored water. The outlet of the con-
tainer was rinsed repeatedly with filtered, deionized water to remove any con-
tamiants and then briefly subjected to a torch flame to sterilize the exterior
of the metal. After the subsequent six-month storage periods, the water con-
tainers were immersed in a 95% ethanol bath prior to placement in the sterile,
laminar-flow bench; and then after removal from the bath and placement in
the flow bench, the residual alcohol on the tank surface was removed by burning.




A. Procedures (cont.)

The outlet of the container was repeatedly exposed to a torch flame to assure

a sterile condition. All the containers were opened in an identical manner.

A sterile tubing cutter was used to sever the fill tube. For the six month,
twelve month, and eighteen month storage periods, the water was expelled from
the containers by inserting into the fill tube of the container a sterile
stainless steel capillary tube through which filtered, gaseous nitrogen was
passed while the container itself was inverted. The first several ml of

water were used to flush the tube and were discarded. Subsequent samples of
water were collected for measurement of pH, electrical conductivity, dissolved
solids, particulate matter, flow behavior, and for characterization with

regard to possible biological contamination. For the twenty four month storage
period and subsequent six month storage periods special cannula were fabricated
so that the water could be expelled from the container while it was maintained
in its normal upright position. The cyclic insertion and withdrawal of the
cannula for the various samples was avoided by controlling the nitrogen flow
rate used to pressurize the container during the water expulsion.

The measurement of the pH was made using a standard pH meter with
a calomel reference electrode and a glass indicator electrode. The electrical
conductivity of the water was measured using a Balsbaugh Conductivity Meter,
Model No. 900-.01T with a standard dip cell. The dissolved solids content of
the water was determined by evaporating 200-300 ml samples of the water to
dryness and weighing the residue. In addition, any particulate matter which
collected on the 0.8u filter of the flow behavior device was examined
microscopically and sized. The flow behavior of the water was evaluated
using a Silting Index Apparatus (see Appendix B for descrigtion) which per-
mits filtration of the liquid through a known area (1.0 mm¢) at a constant
pressure so that the flow decay due to the presence of particulate matter may
be recorded as a function of time. The standard method of the test is des-
cribed in ASTM F52-69. The data are reported as a silting index values; the
greater the value, the greater the degree of contamination by small particu-
late matter.

B. DISCUSSION OF RESULTS

The data obtained from the tests are presented in Tables I to V.
The data obtained during the initial loading of the containers as well as the

data fo: -receding six month storage intervals are included in the tabula-
tion to - cate comparison and identification of trends. The baseline data
are labe. s initial and the data obtained after the storage periods are

labeled as final.

The significant items to be noted from the data are as follows.
First, the pH values of the waters change slightly during the storage periods.
If the values are averaged one finds that for storage in 304 containers the
pH value increased 0.2; for storage in A-286 containers the pH value increased
less than 0.1; for storage in 6Al-4V titanium the pH value increased 0.2; for
storage in Inconel 718 containers the pH value increased 0.4; and for storage
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B. Discussion of Results (cont.)

in 17-4PH containers the pH value increased 0.3. Second, the resistance values
of the waters have stabilized after the initial decrease in values due to an
increase in concentration of ionic species, and the final resistance values
still correspond to concentration levels which contain less than one part per
million of dissolved metallic ions. Third, the Silting Index values indicate
the presence of a slight amount of particulate matter in the size range of less
than 5 microns in the water but the concentration levels are insignificant

with regard to the quantities of particulate matter that are required to cause
clogging in flow passages. In addition, the concentration level of particles
in the less than 5 micron size is not increasing with increased periods of
water storage. Fourth, there is apparently some increase in the total solids
content of the waters as the storage period increases but the values are
sufficiently low so that the quality of the water 1s not impaired. The level
of detectionin the method used corresponds to a mg/l%. And fifth, the pH
values, the resistance values, and the Silting Index values are not significantly
different between the various storage periods.

The particulate matter that was collected on the filters appeared
to be that which adhered to the container walls during the cleaning, pickling,
passivation, and flushing procedures prior to filling. In summation, the
waters were all suitable for use in transpiration-coolant devices after periods
of storage of the water for thirty-six months.

BIOLOGICAL CHARACTERIZATION
A. PROCEDURES

200 ml samples of the water taken from the storage containers were
filtered through pre-sterilized filter pads which were transferred directly to
sterilized Petri dishes containing suitable nutrients for direct colony counting
after a suitable culturing period. The procedures are described in Standard
Methods of Analysis of Water and Waste Water, American Public Health Association,
13th Editfon (1971) and Biological Analysis of Water and Waste Water, AM 302,
Millipore Corporation, Bedford, Mass. (1973). In addition, any biological
organisms present were washed from the filter surfaces with a sterile buffer
solution and placed directly in sterile nutrient soiutions for culturing so
that adequate samples are available for identifying the genus and the specific
species of micro-organisms that might be present in the stored water. Based
on the lag-period prior to growth of micro~organisms which have been observed
earlier in the program (Reference 1), the tubes containing the nutrient solutions
wvere incubated for periods up to one month.
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Bilological Characterization (cont.)

B. DISCUSSION OF RESULTS

The results obtained by culturing samples from the water contain-
ers are presented in Table I under the heading '"Biological Activity'". The
lack of any indications of micro-organisms being present is denoted by a
minus sign; if growth was indicated in either the culture tubes or on the
filter pad, but not on both an "X" is used; and if growth was found in both
the culture tube and on the filter pad a plus sign is used as an indication
of the positive result.

After a month of incubation of the samples from the six month
storage tests there was no indication of micro-organism growtn on the pre-
sterilized filter pads. Slight growth was observed in the culture tubes con-
taining washings from the 304 stainless steel containers and one of the A-286
containers. The number of micro-organisms present was extremely small as
indicated by the negative results with the filter pads and the slight amount
of growth in the culture tubes. There was no evidence that any biological
growth occurred during the six-month storage period. The micro-organisms
found were identified as an Aeromonas species.

After a month of incubation of the samples from the twelve month
storage period, one of the culture tubes containing the washings from an
Inconel 718 container exhibited growth, but the filter pad was negative. The
micro-organisms present were identified as most likely being Pseudomonas
aeruginosa. The filter pad used for the culturing the contents of both of
the 17-4 pH containers, one of the 304 stainless steel containers, and one of
the A-286 containers exhibited growth, but the corresponding culture tubes
were all negative. The micro-organisms were identified as Pseudomonas species.
Again there was no evidence that biological growth occurred during the twelve
month storage period in any of the containers.

After a month of incubation of the samples from the eighteen month
storage period, there was indication of micro-organism growth on the filter
pads and in culture tubes containing samples from one of the 304 stainless
steel containers, one of the A-286 containers, and one of the 17-4PH containers.
The micro-organisme were identified as a Pseudomonas species. The number of
organisms present was extremely small and there was no evidence that growth
occurred during the eighteen month storage period.

After a month of incubation of the samples from the twenty-four
month storage period, there were indications of micro-organism growth on the
filter pads and in the culture tubes containing samples from one of the 304
stainless steel containers, both of the A-286 containers, both of the 6Al-4V
titanium containers, and one of the 17-4PH containers. The micro-organisms

were all of the same species and were identified as most likely being g;!gggggg;g_

teslosteroni based on the classifications used in the 8th edition of Bergey's
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B. Discussion of Results {cont.)

""Manual of Determinative Bacteriology". In this edition, much of the former
genus Aeromonas is now included in the genus Pseudomonas and therefore the
micro-organisms observed in the two samples of the six month storage period
may be the same species as those identified in samples from the twenty-four
month storage period.

The number of organisms present in the sampies from the twenty-
four month storage period was extremely low, less than 100 per ml of water;
and there was no evidence that growth occurred during the storage period.

The fact that all the organisms are of the same species indicates that they
were probably introduced during the £ill procedure and the improved water
removal procedure reduces the possibility of contamination during the sampling
procedure.

After a month of incubation of the samples from the thirty month
storage period, there were indications of micro-organisms present on the
filter pads and in culture tubes containing samples from both of the 304 stain-
less steel containers, one of the A-286 containers, one of the 17-4 PH con-
tainers, and both of the 6A1-4V titanium containers. The number of micro-
organisms present was small and there was no evidence that any growth occurred
during the thirty-month storage period. The micro-organisms present were
identified as a Pseudomonas species.

After a month of incubation of the samples from the thirty-six
month storage period, there were indications of micro-organisms present on
the filter pads and in the culture tubes containing samples from one of the
304 stainless steel containers, one of the A-286 containers, one of the
6A1-4V titanium containers and one of the 17-4 PH containers. The number
of micro-organisms present was extremely small, less than 2 per ml, and they
were identified as a Pseudomonas species.

In summation, the biological testing has shown that there is no
evidence for any biological growth during the storage periods even though a
slight number of micro-organisms were introduced during the filling procedures.

CONTAINER EXAMINATION
A. PROCEDURES
After removal of the water from the containers by draining, they
were vacuum dried for a day to insure sectioning in a dry condition. The con-
tainers were then photographed to document their general appearance. Section-

ing of the containers to expose the internal surfaces was done by sawing
without coolant to prevent contamination. Subsequent handling of the container
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A. Procedures (cont.)

halves was carefully performed to avoid touching the interior surfaces. The
internal surfaces were then photographed to document their general appearance.

Further general examination at magnifications from 5 to 10X were
conducted on all interior surfaces to define conditions found in the
aforementioned visual examination and to reveal additional suspect areas.
Selected discrepancies were then identified for additional examination at
magnifications to 40X. All welds were examined at 40X <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>